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(54) An exhaust gas purification device 

(57) According to the invention, there is provided an 
exhaust gas purification device for purifying an exhaust 
gas discharged from an engine (1) having cylinders 
including first (#1,#2.#4) and second cylinders (#3). An 
exhaust stroke in the first cylinder is carried out next to 
an exhaust stroke in the second cylinder. The exhaust 
gas purification device comprises exhaust branch pas- 
sages (7) which are connected to the cylinders, respec- 
tively The exhaust branch passages include first 
(7a,7b,7d) and second exhaust branch passages (7c) 
which are connected to the first and secorxi cylinders, 
respectively The exhaust gas purification device com- 
prises a common exhaust passage (20) connected to 
the exhaust branch passages, a catalyst (12) positioned 
in the common exhaust passage for purifying an 
exhaust gas, and an exhaust gas recirculation passage 
(15) connected to the first exhaust branch passage. The 
exhaust gas recirculation passage introduces the 
exhaust gas from the first exhaust branch passage into 
an intake passage (4) which is connected to the cylin- 
ders. According to the invention, a reducing agent is fed 
to only the secor»d cylinder (#3) during the power or the 
exhaust stroke in the second cylinder to promote the 
purifying operation of the catalyst when the exhaust gas 
is introduced into the intake passage via the exhaust 
gas recirculation passage. 



Fig.l 




50 



-ram{— 



1^ 



BNSDOCID: <EP 0886044A1 _l_> 



1 EP 0 886 044 A1 2 



Description 

BACKGROUND OF THE INVENTION 

T Field of the Invention 

The invention relates to an exhaust gas purification 
device for purifying an exhaust gas discharged from an 
engine. 

2 Description of the Related Art 

An exhaust gas purification device is known for 
purifying an exhaust gas, in particular, nitrogen oxide 
(NOx) discharged from an engine. For example, the 
Japanese Unexamined Patent Publication No. 6-74022 
discloses an exhaust gas purification device comprising 
a NOx catalyst which adsorbs NOx arxj hydrocarbon 
(HC) on a surface thereof to activate the NOx and HC, 
and reacts the activated NOx with the activated HC to 
purify the NOx, and a HC feeding valve for feeding HC 
to the NOx catalyst. 

When the velocity at which the flame is transmitted 
in the cylinders during the power stroke of the engine 
(hereinafter, referring to as "flame transmitting velocity") 
IS large, the amount of the NOx generated in the engine 
IS large. Further, when the temperature at which the fuel 
is burned in the cylinders during the power stroke of the 
engine (hereinafter, referring to as "fuel burning temper- 
ature) is high, the amount of the NOx generated in the 
engine is large. 

On the other hand, an inert gas decreases the 
flame transmitting velocity. Therefore, when the amount 
of the inert gas in the intake air is large, the flame trans- 
mitting velocity is decreased. Further, the inert gas 
absorbs the heat. Therefore, when the amount of the 
inert gas in the intake air is large, the fuel burning tem- 
perature IS low. 

In the exhaust gas purification device disclosed in 
Japanese Unexamined Patent Publication No. 6-74022, 
in order to restrict the generation of the NOx in the 
engine, exhaust gas including inert gas such as CO2 
and H2O is introduced into an intake air to decrease the 
flame transmitting velocity and lower the fuel burning 
temperature. 

Further, in the exhaust gas purification device dis- 
closed in Japanese Unexamined Patent Publication No. 
6-74022, in order to prevent the HC from being intro- 
duced into the intake air. the exhaust gas to be intro- 
duced into the intake air is withdrawn from one of 
exhaust passages while the HC is fed into the other 
exhaust passages. 

However, since the exhaust strokes in the cylinders 
are sequentially carried out, there is a possibility that 
the pressure in the exhaust passages into which the HC 
is fed becomes higher than that in the exhaust passage 
from which the exhaust gas to be fed into the intake air 
is withdrawn. In this case, the HC in the exhaust gas 



may oe mtroducea :ntc the intaKe a.r 

^nerefore, ine oDject of the invention ,s to prevent 
HC to be fed into a catalyst from being introduced into 
the intake air. 

SUMMARY OF THE INVENTION 

According to the invention, there is provided an 
exhaust gas purification device for purifying an exhaust 
gas discharged from an engine having a plurality of cyl- 
inders including first and second cylinders, an exhaust 
stroke in the first cylinder being carried out next to an 
exhaust stroke m the second cylinder, comprising: 
exhaust branch passages which are connected to the 

'5 cylinders, respectively the exhaust branch passages 
including first and second exhaust branch passages 
which are connected to the first and second cylinders, 
respectively a common exhaust passage connected to 
the exhaust branch passages; a catalyst positioned in 

20 the common exhaust passage for purifying an exhaust 
gas; reducing agent feeding means for feeding reducing 
agent to the second cylinder to promote the purifying 
operation of the catalyst; an exhaust gas recirculation 
passage for introducing the exhaust gas from the first 

25 exhaust branch passage into an intake passage which 
IS connected to the cylinders, and control means for 
controlling the reducing agent feeding means to feed 
the reducing agent to only the second cylinder during 
one of the power and the exhaust strokes in the second 

3c cylinder when the exhaust gas is introduced into the 
intake passage via the exhaust gas recirculation pas- 
sage. 

Further, according to the invention, the reducing 
agent feeding means comprises an injector for injecting 

35 fuel into the second cylinder. 

Further, according to the invention, the reducing 
agent feeding means feeds reducing agent to the cylin- 
ders, and the control means controls the reducing agent 
feeding means to feed reducing agent into the cylinders 

4G during one of the power and the exhaust strokes in the 
cylinders, respectively when the exhaust gas is not 
introduced into the intake passage via the exhaust gas 
recirculation passage. 

Further, according to the invention, the first exhaust 

45 branch passage is connected to an upstream end of the 
common exhaust passage, and the second exhaust 
branch passage is connected to the common exhaust 
passage downstream of the upstream end of the com- 
mon exhaust passage. 

5c Further, according to the invention, the first and 
second exhaust branch passages are connected to the 
common exhaust passage in such a manner that first 
and second exhaust branch passages are arranged in 
parallel adjacent to a position where the first and sec- 

55 ond exhaust branch passages are connected to the 
common exhaust passage. 

Further, according to the invention, a cross sec- 
tional size of the second exhaust branch passage at 
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which the second exhaust branch passage is connected 
to the common exhaust passage is smaller than that of 
the first exhaust branch passage at which the first 
exhaust branch passage is connected to the common 
exhaust passage. 

Further, according to the invention, a ratio of the 
cross sectional size of the second exhaust branch pas- 
sage to that of the first exhaust branch passage is 
between 1 ;3 and 1:1. 

Further, according to the invention, a turbocharger, 
which comprises an intake side turbine wheel posi- 
tioned in the intake passage and an exhaust side tur- 
bine wheel positioned in the common exhaust passage 
adjacent to a position where said second exhaust 
branch passage is connected to said common exhaust 
passage, is provided for compressing an intake air in 
the intake passage, and the first and second exhaust 
branch passages are connected to the common 
exhaust passage in such a manner that the first and 
second exhaust branch passages are arranged in paral- 
lel adjacent to the position where the second exhaust 
branch passage is connected to the common exhaust 
passage to allow the exhaust gas discharged from the 
first and second exhaust branch passages to flow along 
a surface of the rotation of the exhaust side turbine 
wheel. 

Further, according to the invention, a cross sec- 
tional size of the second exhaust branch passage at 
which the second exhaust branch passage is connected 
to the common exhaust passage is smaller than that of 
the first exhaust branch passage at which the first 
exhaust branch passage is connected to the common 
exhaust passage. 

Further, according to the invention, a ratio of the 
cross sectional size of the second exhaust branch pas- 
sage to that of the common exhaust passage is 
between 1 ;3 and 1:1. 

Further, according to the invention, the first and 
second exhaust branch passages enclose the exhaust 
side turbine wheel, and are open toward the exhaust 
side turbine wheel. 

Further, according to the invention, the cylinders 
include a third cylinder, the first, second and third cylin- 
ders are arranged in line, and the second cylinder is 
located between the first and third cylinders. 

The present invention may be more fully under- 
stood from the description of the preferred embodi- 
ments of the invention set forth below, together with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

Fig. 1 is a view of an exhaust gas purification device 
according to the first embodiment of the invention; 
Fig. 2 is a sectional view of an engine body accord- 
ing to the first embodiment of the invention; 



Fig. 3 is a sectional view along the line Ill-Ill in Fig. 
1; 

Fig. 4 is a flowchart of the control of the feeding of 
the HC for purifying the exhaust gas according to 
5 the first embodiment of the invention; 

Fig. 5a is a view showing timings of the exhaust 
strokes in each cylinder; 

Fig. 5b is a view showing the pressure change in 
the cylinders; 

10 Fig. 5c is a view showing a timing of the injection of 

the HC from the injector; 

Fig. 6 is a flowchart of the control of the feeding of 
the HC for purifying the exhaust gas according to 
the second embodiment of the invention; 
75 Fig. 7 is a view of an exhaust gas purification device 
according to the third embodiment of the invention; 
and 

Fig. 8 is a sectional view along the line Vltl-VIII in 
Fig. 7. 

20 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

An exhaust gas purification device according to the 
25 first embodiment of the invention will be explained 
below. 

In Fig. 1, reference number 1 illustrates an engine 
body, and reference numbers #1 - #4 illustrate first to 
fourth cylinders formed in the engine body 1, respec- 

30 tively. The first to fourth cylinders are arranged in line- 
Therefore, the first and fourth cylinders correspond to 
the outermost cylinders, and the second and third cylin- 
ders correspond to the middle cylinders located 
between the outermost cylinders. 

35 Reference numbers 2a - 2d illustrate first to fourth 

fuel injectors, respectively for injecting fuel into the cor- 
responding cylinders #1 - #4 to drive the engine and 
purify an exhaust gas discharged from the engine as 
described below, reference number 3 illustrates an 

40 intake passage, reference number 4 illustrates an intake 
manifold connected to the intake passage 3. 

An intake air pressure sensor 5 for detecting the 
pressure of an intake air in the intake passage to calcu- 
late an amount of the intake air fed to the cylinders #1 - 

45 #4 is positioned in the intake manifold 4. 

The engine of the first embodiment comprises a 
crank sensor for detecting a crank angle. An engine 
speed IS calculated on the basis of the detected crank 
angle. 

50 The fuel is fed to each of the fuel injectors 2a - 2d 
from a fuel or pressure storage chamber (not shown) 
which is common to the fuel injectors 2a - 2d. The fuel 
chamber temporarily stores fuel under a predetermined 
pressure. 

55 In the first embodiment, the fuel is burned sequen- 

tially in the first, third, fourth and second cylinders. Fur- 
ther, the intake passage or the intake manifold of the 
first embodiment corresponds to an intake system. 
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First to fourth exhaust branch passages 7a - are 
respectively connectea to eacn of the first to fourth cyl- 
inders «1 - -4 The first, second arxl fourth exhaust 
branch passages 7a, 7b and 7d are connected to each 
other and collected into a collection pipe 9 at an 
upstream connecting portion 8 which is downstream of 
the engine body 1 , 

The collection pipe 9 and the third exhaust branch 
passage 7c are connected to each other and are col- 
lected into an exhaust passage 20 at a downstream 
connecting portion 10 which is downstream of the 
upstream connecting portion 8. 

In this specrfication, the words "upstream" and 
"downstream" are to indicate the flow of the exhaust 
gas. According to the first embodiment, provided that 
the collection pipe 9 and the exhaust passage 20 are 
considered as a common exhaust passage, the first, 
second and fourth exhaust branch passages are con- 
nected to an upstream end of the common exhaust pas- 
sage, and the third exhaust branch passage is 
connected to the common exhaust passage down- 
stream of the upstream end of the common exhaust 
passage. 

The engine of the first embodiment comprises a 
turbo-charger 1 1 for compressing the intake air to 
increase the amount Of the intake air to be fed into the 
cylinders #1 - #4. The turbo-charger 1 1 has an intake 
side turbine wheel 1 1a positioned in the intake passage 
3 upstream of the intake manifold 4 and an exhaust side 
turbine wheel 1 1 b positioned in the exhaust passage 20 
downstream of the downstream collection portion 10. 
The exhaust side turbine wheel 1 lb is positioned at a 
portion where the exhaust gases discharged from each 
of the cylinders #1 - #4 are gathered so that the com- 
pressing effect of the turbo-charger 1 1 is kept at a max- 
imum. 

The intake and exhaust side turbine wheels 11a 
and lib are connected to each other by a common 
shaft 11c. 

The exhaust side turbine wheel lib receives the 
exhaust gas from a direction parallel to a rotating sur- 
face of the exhaust side turbine wheel 1 lb to rotate the 
exhaust side turbine wheel lib, and discharges the 
received exhaust gas in the direction perpendicular to 
the rotating surface of the exhaust side turbine wheel 
11b. 

On the other hand, the intake side turbine wheel 
1 la is rotated according to the rotation of the exhaust 
side turbine wheel 1 lb, withdraws the intake air from a 
direction perpendicular to the rotating surface of the 
intake side turbine wheel 1 la and discharges the with- 
drawn intake air in the direction parallel to the rotating 
surface of the intake side turbine wheel 11 a. 

A catalyst 12 for purifying nitrogen oxide (NOx) in 
the exhaust gas discharged from the engine is posi- 
tioned in the exhaust passage 20 downstream of the 
exhaust side turbine wheel lib. The catalyst 12 
adsorbs NOx and hydrocarbon (HC) on the face thereof 




16044 A1 6 

to activate NOx and HC and reacts the activatea NOx 
«A/ith the activated HC to punfy the NOx (hereinafter, 
referred to as NOx catalyst ) The NOx catalyst 12 puri- 
fies the NOx within a predetermined range of the tem- 

5 perature thereof. 

An upstream temperature sensor 1 3 for detecting 
the temperature of the upstream end of the NOx cata- 
lyst 12 IS positioned in the upstream end of the NOx cat- 
alyst 12. On the other hand, a downstream temperature 
sensor 14 for detecting the temperature of the down- 
stream end of the NOx catalyst 12 is positioned in the 
downstream end of the NOx catalyst 12. 

An exhaust gas recirculation passage 1 5 for intro- 
ducing the exhaust gas into the intake air is connected 

'5 to the fourth exhaust branch passage 7d. As described 
below in detail, the exhaust gas recirculation passage 
15 IS connected to the fourth exhaust branch passage 
7d at a position such that the exhaust gas discharged 
from the third cylinder does not arrive at the exhaust gas 

2G recirculation passage 15 via the collection pipe 9 and 
the fourth exhaust branch passage 7d. 

The other end of the exhaust gas recirculation pas- 
sage 15 is connected to the intake manifold 4. 

An exhaust gas recirculation valve 1 6 for controlling 

25 the introduction of the exhaust gas into the intake air is 
positioned in the exhaust gas recirculation passage 15. 

The exhaust gas recirculation valve 1 6 is in commu- 
nication with a suction pump 18 and the atmosphere via 
a three way valve 1 7. Further, the opening or closing of 

3c the exhaust gas recirculation valve 16 is controlled 
according to the engine driving condition. 

When the exhaust gas recirculation valve 16 com- 
municates with the atmosphere via the three way valve 
17, atmospheric pressure is introduced into the exhaust 

35 gas recirculation valve 16 to close the valve 16. On the 
other hand, when the exhaust gas recirculation valve 16 
communicates with the suction pump 18 via the three 
way valve 1 7. a negative pressure is introduced into the 
exhaust gas recirculation valve 16 to open the valve 16. 

40 In this case, the exhaust gas is introduced into the 
intake air. 

As mentioned above, when the velocity at which the 
flame is transmitted in the cylinders during the power 
stroke of the engine is large, the amount of the NOx 

45 generated in the engine is large. Further, when the tem- 
perature at which the fuel is burned in the cylinders dur- 
ing the power stroke of the engine is high, the amount, 
of the NOx generated in the engine is large. 

On the other hand, an inert gas decreases the 

5C velocity at which the flame is transmitted. Therefore, 
when the amount of the inert gas in the intake air is 
large, the velocity at which the flame is transmitted in 
the cylinders during the power stroke of the engine is 
decreased. 

55 Further, the inert gas absorbs the heat. Therefore, 
when the amount of the inert gas in the intake air is 
large, the temperature at which the fuel is burned in the 
cylinders during the power stroke of the engine is low. 
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From the above description, when the inert gas 
such as CO2 or H2O is introduced into the intake air. the 
velocity at which the flame is transmitted in the cylinders 
during the power stroke of the engine is small, and the 
temperature at which the fuel is burned in the cylinders 
during the power stroke of the engine is low. Therefore, 
the generation of the NOx in the engine is restricted. 

An electronic control unit (ECU) 40 is a digital com- 
puter, and comprises a microprocessor (CPU) 42, a 
read only memory (ROM) 43, a random access memory 
(RAM) 44, a back-up RAM (B-RAM) 45, an input port 
46, an output port 47 and a clock generating device 48. 
These components are connected by a bilateral bus 41 . 

The output voltages from the intake air pressure 
sensor 5, the upstream temperature sensor 13 and the 
downstream temperature sensor 14 are input into the 
input port 46 via corresponding AD converters 49. The 
output voltage from the crank sensor 6 is directly input 
into the input port 46. On the other hand, the output port 
47 is connected to each fuel injector 2a - 2d and the 
three way valve 17 via corresponding drive circuits 50. 

Referring to Fig. 2, reference number 21 illustrates 
a piston positioned in the cylirxJer #1 - #4. reference 
number 23 illustrates an intake port connected to the 
intake manifold 4, reference number 24 illustrates an 
intake valve positioned in the Intake port 23, reference 
number 25 illustrates an exhaust port connected to the 
exhaust passages 7a - 7d. and reference number 26 
illustrates an exhaust valve positioned in the exhaust 
port 25. In Fig. 2. the reference numbers 2a - 2d illus- 
trate the first to fourth fuel injectors, and reference 
number 40 illustrates the ECU. 

The downstream collection portion according to the 
first embodiment will be explained below in detail. 

Between the area upstream of the downstream col- 
lection portion 10 and the area adjacent to the down- 
stream collection portion 10, the collection pipe 9 is 
connected to the third exhaust branch passage 7c in 
parallel with each other in such a manner that the 
exhaust gas discharged from the collection pipe 9 and 
the third exhaust branch passage 7c flows along the 
rotating surface of the exhaust side turbine wheel 1 lb. 

Therefore, between the area upstream of the down- 
stream collection portion 10 and the area adjacent to 
the downstream collection portion 10, the collection 
pipe 9 and the third exhaust branch passage 7c are 
positioned perpendicular to the axis of the shaft 1 1c of 
the turbo-charger 11. 

Thus, the exhaust gas is discharged from the col- 
lection pipe 9 and the third exhaust branch passage 7c 
at the downstream collection portion 10 toward the 
exhaust side turbine wheel 1 lb in the direction parallel 
to the rotating surface of the exhaust side turbine wheel 
1 1 b and perpendicular to the axis of the shaft 1 1 c of the 
turbo-charger 11. 

The exhaust side turbine wheel lib is rotated by 
the exhaust gas and the inertia of the rotation of the 
exhaust side turbine wheel 1 lb so that the exhaust side 



turbine wheel 1 lb functions to withdraw the exhaust gas 
from the collection pipe 9 and the third exhaust branch 
passage 7c to the exhaust side turbine wheel 1 lb itself. 
Therefore, according to the first embodiment, it is 

5 ensured that the exhaust gas in the collection-pipe 9 
and the third exhaust branch passage 7c is withdrawn to 
the exhaust side turbine wheel 1 lb by the exhaust side 
turbine wheel lib itself. Thus, the flow of the exhaust 
gas in the third branch passage 7c into the collection 

10 pipe 9 is prevented, and as a result, the introduction of 
the HC included in the exhaust gas into the intake air is 
prevented. 

As shown in Fig. 2, the relationship between the 
cross sectional areas of the collection pipe 9 and the 

15 third exhaust branch passage 7c at the downstream col- 
lection portion 10 is 3:1, i.e., the ratio of the cross sec- 
tional area of the third exhaust branch passage 7c at 
which the third exhaust branch passage 7c is connected 
to the collection pipe 9 to the cross sectional area of the 

20 collection pipe 9 at which the collection pipe 9 is con- 
nected to the third exhaust branch passage 7c is 1:3. 
Since the cross sectional area of the third exhaust 
branch passage 7c is smaller than that of the collection 
pipe 9, the velocity of the exhaust gas discharged from 

25 the third exhaust branch passage 7c is increased. 
Therefore, it is ensured that the exhaust gas is dis- 
charged from the third exhaust branch passage 7c 
toward the exhaust side turbine wheel 11b. Thus, 
according to the first embodiment, it is ensured that the 

30 flow of the exhaust gas from the third exhaust branch 
passage 7c into the collection pipe 9 is prevented, and 
as a result, the introduction of the HC included in the 
exhaust gas into the intake air is prevented. 

The ratio of the cross sectional area of the third 

35 exhaust branch passage 7c to that of the collection pipe 
9 may be between 1 :3 and 1:1. 

An operation of the engine according to the first 
embodiment will be explained below. 

As shown in Fig. 5a, the exhaust strokes are car- 

40 ried, out sequentially in the first #1, third #3, fourth #4 
and second #2 cylinders. Further, when the exhaust 
strokes in the cylinders #1 - #4 are carried out, the 
exhaust valves 26 are open during crank angles larger 
than 180 degrees. 

45 As shown in Fig. 5b, the pressures of the exhaust 
gases discharged from the cylinders #1 - #4 are 
sequentially changed. 

As shown in Fig. 5c, HC for purifying the exhaust 
gas is injected into the third cylinder #3 during the 

50 exhaust stroke in the third cylinder #3 and, in addition, 
HC for driving the engine is injected into the third cylin- 
der #3 during the compression stroke. However, accord- 
ing to the invention, the HC for purifying the exhaust gas 
may be injected into the third cylinder #3 during the 

55 power or exhaust stroke which is carried out after the 
HC for driving the engine is injected into the third cylin- 
der #3. 

Therefore, in the first embodiment the exhaust 
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stroKe in the tnira cyiinaer <3 is cameo out immeaiateiy 
oefore tne exnaust stroKe in tne fourth cyiinaer -4 is ear- 
ned out. In other words, the exhaust stroke in the fourth 
cylinder is carried out next to the exhaust stroke m the 
third cylinder Thus, according to the first embodiment, 
in particular, under a specific range of the engine speed, 
when the exhaust gas including the HC discharged from 
the third cylinder #3 arrives at the downstream collec- 
tion portion 10, the pressure in the collection pipe 9 is 
increased higher than that in the third exhaust branch 
passage 7c due to the exhaust gas discharged from the 
fourth cylinder #4. 

According to the invention, the exhaust gas recircu- 
lation passage is connected to the fourth exhaust 
branch passage 7d in such a manner that the exhaust 
gas discharged from the fourth cylinder #4 arrives at the 
exhaust gas recirculation passage 1 5 when the exhaust 
gas discharged from the third cylinder #3 arrives at the 
exhaust gas recirculation passage 15. 

Therefore, when the exhaust gas in the fourth 
exhaust branch passage 7d is introduced into the intake 
air via the exhaust gas recirculation passage 15 accord- 
ing to the engine driving condition, the introduction of 
the HC for purifying the exhaust gas into the intake air 
via the collection pipe 9, the fourth exhaust branch pas- 
sage 7d and the exhaust gas recirculation passage 15 
is prevented. 

Thus. It is ensured that the HC for purifying the 
exhaust gas can arrive at the NOx catalyst 12. The NOx 
in the exhaust gas is purified at the catalyst 12 by the 
reducing action of the HC. 

Further, since the flow of the exhaust gas from the 
third exhaust branch passage 7c into the collection pipe 
9 is prevented, the exhaust gas is easily discharged 
from the first, second artd fourth cylinders. 

Further, since the third cylinder is located between 
the fourth cylinder and the first cylinder, the temperature 
in the third cylinder is higher than that in the fourth and 
first cylinders. Therefore, since the HC fed into the third 
cylinder can easily evaporate, the HC does not attach to 
the inner wall of the third cylinder. Therefore, according 
to the first embodiment, the intended amount of the HC 
can be supplied to the catalyst. Further, the HC 
attached to the inner wall of the cylinder does not pass 
through a clearance between the piston and the inner 
wall of the cylinder to oil held under the piston for the 
lubrication. 

Further, as described above, the third exhaust 
branch passage 7c is connected to the collection pipe 9 
and the fourth exhaust branch passage 7c downstream 
of the upstream collection portion 8. Therefore, the dis- 
tance from the third cylinder #3 to an opening 27 of the 
exhaust gas recirculation passage 15 via the third 
exhaust branch passage 7c. the collection pipe 9 and 
the fourth exhaust branch passage 7d is longer than 
that from, the first cylinder #1 to the opening 27 of the 
exhaust gas recirculation passage 15 via the first 
exhaust branch passage 7a and the fourth exhaust 



Drancn passage ^d. or mat from tne seconc cylinder ^ 
to me opening 27 of me exnaust gas recirculation pas- 
sage 1 5 via the second exhaust branch passage 7b and 
the fourth exhaust branch passage 7d. Thus, it is more 
5 difficult for the HC for purifying the exhaust gas injected 
in the third cylinder to arrive the opening 27 of the 
exhaust gas recirculation passage 15 than for the HC 
for purifying the exhaust gas injected in the first or sec- 
ond cylinder #1 , 

Note that the amount of the HC for purifying the 
exhaust gas to be injected from the third fuel injector 2c 
IS determined on the basis of the amount of the NOx in 
the exhaust gas and the temperature of the catalyst 12. 
The amount of the NOx in the exhaust gas is calculated 
on the basis of the outputs from the intake air pressure 
sensor 5 and the crank angle sensor 6. The tempera- 
ture of the catalyst 12 is calculated on the basis of the 
outputs from the upstream and downstream tempera- 
ture sensors 13 and 14, 

20 The control of the feeding of the HC for purifying the 

exhaust gas according to the first embodiment will be 
explained below by referring the flowchart of Fig. 4. 

At step 110, the amount of the HC for purifying the 
exhaust gas to be injected from the third fuel injector 2c 

25 is calculated, and the routine proceeds to step 112. As 
described above, the amount of the HC for purifying the 
exhaust gas to be injected is calculated on the basis of 
the outputs from the intake air pressure sensor 5, the 
crank angle sensor 6 and the upstream and down- 

30 Stream temperature sensors 13 arxj 14. 

At step 1 1 2. it is judged if the present crank angle A 
is at a predetermined crank angle A3 (A = A3). The pre- 
determined crank angle A3 is the angle which is in the 
power stroke or the exhaust stroke and at which the HC 

35 for purifying the exhaust gas should be injected from the 
third fuel injector 2c into the third cylinder #3. At step 
112, when A = A3, the routine proceeds to step 114 
where the third fuel injector 2c is activated to inject the 
amount of the HC calculated at step 110 into the third 

40 cylinder #3, and the routine is ended. On the other 
hand, when A ^ A3, the routine is ended. 

In the first embodiment, a HC injector positioned in 
the third exhaust branch passage as means for feeding 
a reducing agent may be used. Further, the size of the 

45 opening of the collection pipe at the downstream collec- 
tion portion may be decreased in order to increase the 
pressure in the collection pipe to prevent the flow of the 
exhaust gas from the third exhaust branch passage into 
the collection pipe. 

50 An exhaust gas purification device according to the 

second embodiment of the invention will be explained 
below. 

Components of the second embodiment are the 
same as those of the first embodiment. Therefore, an 
55 explanation thereof will not be given. 

An operation of the engine according to the second 
embodiment will be explained below. 

In the second embodiment, when the exhaust gas 
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recirculation valve 16 is open, the HC for purifying the 
exhaust gas is injected from the third fuel injector 2c 
during the power or exhaust stroke in the third cylinder 

#3. 

Operations other than those described above are s 
the same as those of the first embodiment. Therefore, 
an explanation thereof will not be given. 

On the other hand, when the exhaust gas recircula- 
tion valve 16 is closed, the HC for purifying the exhaust 
gas is injected from each of the fuel injectors 2a - 2d io 
during the power or exhaust stroke in each of the cylin- 
ders #1 - #4. 

The HC for purifying the exhaust gas arrives at the 
downstream collection portion 10 via the exhaust 
branch passages 7a - 7d and the collection pipe 9 by is 
the exhaust gas. In this case, since the exhaust gas 
recirculation valve 16 is closed, the introduction of the 
HC for purifying the exhaust gas injected from the first 
2a, second 2b and fourth 2d fuel injectors into the intake 
air is prevented. 2g 

The amount of the HC for purifying the exhaust gas 
to be injected from each of the fuel injectors when the 
exhaust gas recirculation valve 16 is closed is deter- 
mined on the basis of the amount of the NOx generated 
in each cylinder and the temperature of the catalyst 12. 25 

On the other hand, the amount of the HC for purify- 
ing the exhaust gas to be injected from the third fuel 
injector when the exhaust gas recirculation valve 16 is 
open is determined on the basis of the amount of the 
NOx generated in the cylinders and the temperature of 30 
the catalyst 12. 

A control of the injection of the HC for purifying the 
exhaust gas according to the second embodiment will 
be explained below by referring a flowchart of Fig. 6. 

At step 210, the amount of the HC for purifying the 35 
exhaust gas to be injected from each of the fuel injec- 
tors 2a - 2d is calculated, and the routine proceeds to 
step 21 2. As described above, the amount of the HC for 
purifying the exhaust gas to be injected is calculated on 
the basis of the outputs from the intake air pressure 4o 
sensor 5, the crank angle sensor 6 and the upstream 
and downstream temperature sensors 13 and 14. 

At step 212, it is judged if the exhaust gas recircula- 
tion valve 15 is closed. When the exhaust gas recircula- 
tion valve 1 5 is closed, the routine proceeds to step 214. 45 
On the other band, when the exhaust gas recirculation 
valve 15 is open, the routine proceeds to step 230. 

At step 21 4, it is judged if the present crank angle A 
is at a predetermined crank angle A1 (A = A1 ). The pre- 
determined crank angle A1 is the angle which is in the 5o 
power or exhaust stroke in the first cylinder #1 and at 
which the HC for purifying the exhaust gas should be 
injected from the first fuel injector 2a into the first cylin- 
der #1 . At step 214, when A = A1 , the routine proceeds 
to step 216 where the first fuel injector 2a is activated to 55 
inject the amount of the HC calculated at step 1 10 into 
the first cylinder #1, and the routine is ended. On the 
other hard, when A ^ A1 , the routine proceeds to step 



218. 

At step 218. It IS judged if the present crank angle A 
is at a predetermined crank angle A2 (A = A2). The pre- 
determined crank angle A2 is the angle which is in the 
power or exhaust stroke in the second cylinder #2 and 
at which the HC for purifying the exhaust gas should be 
injected from the second fuel injector 2b into the second 
cylinder #2. At step 218. when A = A2, the routine pro- 
ceeds to step 220 where the second fuel injector 2b is 
activated to inject the amount of the HC calculated at 
step 1 10 into the second cylinder #2, and the routine is 
ended. On the other hand, when A ^ A2, the routine pro- 
ceeds to step 222. 

At step 222, it is judged if the present crank angle A 
is at a predetermined crank angle A3 (A = A3). The pre- 
determined crank angle A3 is the angle which is in the 
power or exhaust stroke in the third cylinder #3 and at 
which the HC for purifying the exhaust gas should be 
injected from the third fuel injector 2c into the third cylin- 
der #3. At step 222. when A = A3, the routine proceeds 
to step 224 where the third fuel injector 2c is activated to 
inject the amount of the HC calculated at step 110 into 
the third cylinder #3, and the routine is ended. On the 
other hand, when A ^ A3, the routine proceeds to step 
226. 

At step 226, it is judged if the present crank angle A 
is at a predetermined crank angle A4 (A = A4). The pre- 
determined crank angle A4 is the angle which is in the 
power or exhaust stroke in the fourth cylinders #4 and at 
which the HC for purifying the exhaust gas should be 
injected from the fourth fuel injector 2d into the fourth 
cylinder #4. At step 226, when A = A4, the routine pro- 
ceeds to step 228 where the fourth fuel injector 2d is 
activated to inject the amount of the HC calculated at 
step 1 10 into the fourth cylinder #4, and the routine is 
ended. On the other hand, when A ^ A4, the routine is 
ended. 

At step 230, it is judged if the present crank angle A 
is at a predetermined crank angle A3 (A = A3). At step 
230, when A = A3, the routine proceeds to step 332 
where the amount of the HC calculated at step 1 10 is 
amended to the amount of the HC sufficient to purify the 
NOx from all cylinders, the routine proceeds to step 234 
where the third fuel injector 2d is activated to inject the 
amount of the HC amended at step 232 into the third 
cylinder #3, and the routine is ended. On the other 
hand, when A ^ A3, the routine is ended. 

An exhaust gas purification device according to the 
third embodiment of the invention will be explained 
below. 

As shown in Figs. 7 and 8, in the third embodiment, 
at the downstream collection portion 10, the third 
exhaust branch passage 7c and the collection pipe 9 
extend to enclose the exhaust side turbine wheel 1 1b- 

As shown in Fig. 8, a part of the third exhaust 
branch passage 7c and a part of the collection pipe 9 
are open to the exhaust side turbine wheel lib. In other 
words, the third exhaust branch passage 7c and the col- 
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lection pipe 5 are aivideO by a separating waii 19 arouna 
the exnaust side turome wheei 1 1 b 

In order to increase the velocity of the flow of the 
exhaust gas discharged from the third exhaust branch 
passage 7c, the relationship between the cross sec- 
tional size such as the cross sectional areas of the col- 
lection pipe 9 and the third exhaust branch passage 7c 
at the downstream collection portion 10 is 3: 1 to 1:1. In 
other words, the ratio of the cross sectional size of the 
third exhaust branch passage 7c to that of the collection 
pipe 9 IS from 1 3 to 1 :1 

According to the third embodiment, compared with 
the first embodiment, it is further ensured that the 
exhaust gas is discharged from the third exhaust branch 
passage 7c toward the exhaust side turbine wheel 7c. 
Therefore, compared with the first embodiment, it is fur- 
ther ensured that the flow of the exhaust gas from the 
third exhaust branch passage 7c into the coliection pipe 
9 is prevented, and the introduction of the HC for purify- 
ing the exhaust gas into the intake air is prevented. 

Components other than those described above and 
operations of the third embodiment are the same as 
those of the first embodiment. Therefore, an explanation 
thereof will not be given. 

While the invention has been described by refer- 
ence to specific embodiments chosen for purposes of 
illustration, it should be apparent that numerous modifi- 
cations can be made thereto by those skilled in the art 
without departing from the basic concept and scope of 
the invention. 

According to the invention, there is provided an 
exhaust gas purification device for purifying an exhaust 
gas discharged from an engine having cylinders includ- 
ing first and second cylinders. An exhaust stroke in the 
first cylirxJer is carried out next to an exhaust stroke in 
the second cylinder. The exhaust gas purification device 
comprises exhaust branch passages which are con- 
nected to the cylinders, respectively. The exhaust 
branch passages include first and second exhaust 
branch passages which are connected to the first and 
second cylinders, respectively. The exhaust gas purifi- 
cation device comprises a common exhaust passage 
connected to the exhaust branch passages, a catalyst 
positioned in the common exhaust passage for purifying 
an exhaust gas, and an exhaust gas recirculation pas- 
sage connected to the first exhaust branch passage. 
The exhaust gas recirculation passage introduces the 
exhaust gas from the first exhaust branch passage into 
an intake passage which is connected to the cylinders. 
According to the invention, a reducing agent is fed to 
only the second cylinder during the power or the 
exhaust stroke in the second cylinder to promote the 
purifying operation of the catalyst when the exhaust gas 
is introduced into the intake passage via the exhaust 
gas recirculation passage. 
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Claims 

1. An exhaust gas purification device for purifying an 
exhaust gas discharged from an engine having a 

; plurality of cylinders including first and second cyl- 

inders, an exhaust stroke in said first cylinder being 
carried out next to an exhaust stroke m said second 
cylinder, comprising: 

: c exhaust branch passages which are connected 

to said cylinders, respectively said exhaust 
branch passages including first and second 
exhaust branch passages which are connected 
to said first and second cylinders, respectively; 

T5 a common exhaust passage connected to said 

exhaust branch passages; 
a catalyst positioned in said common exhaust 
passage for purifying an exhaust gas, 
reducing agent feeding means for feeding 

20 reducing agent to said second cylinder to pro- 

mote the purifying operation of said catalyst; 
an exhaust gas recirculation passage for intro- 
ducing the exhaust gas from said first exhaust 
branch passage into an intake passage which 

25 IS connected to said cylinders; and 

control means for controlling said reducing 
agent feeding means to feed the reducing 
agent to only said second cylinder during one 
of the power and the exhaust strokes in said 

30 second cylinder when the exhaust gas is intro- 

duced into said intake passage via said 
exhaust gas recirculation passage. 

2. An exhaust gas purification device according to 
35 claim 1, wherein said reducing agent feeding 

means comprises an injector for injecting fuel into 
said second cylinder. 

3. An exhaust gas purification device according to 
40 claim 1 , wherein said reducing agent feeding 

means feeds reducing agent to said cylinders, and 
said control means controls said reducing agent 
feeding means to feed reducing agent into said cyl- 
inders during one of the power arxJ the exhaust 
45 strokes in said cylirxJers, respectively when the 
exhaust gas is not introduced into said intake pas- 
sage via said exhaust gas recirculation passage. 

4. An exhaust gas purification device according to 
50 claim 1 , wherein said first exhaust branch passage 

is connected to an upstream end of said common 
exhaust passage, and said second exhaust branch 
passage is connected to said common exhaust 
passage downstream of said upstream end of said 
55 common exhaust passage. 

5. An exhaust gas purification device according to 
claim 1, wherein said first and second exhaust 
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branch passages are connected to said common 
exhaust passage in such a manner that said first 
and second exhaust branch passages are arranged 
in parallel adjacent to a position where said first and 
second exhaust branch passages are connected to 5 
said common exhaust passage. 

6. An exhaust gas purification device according to 
claim 5. wherein a cross sectional size of said sec- 
ond exhaust branch passage at which said second 10 
exhaust branch passage is connected to said com- 
mon exhaust passage is smaller than that of said 
first exhaust branch passage at which said first 
exhaust branch passage is connected to said com- 
mon exhaust passage. 75 




044 A1 16 

claim 8, wherein said first and second exhaust 
branch passages enclose said exhaust side turbine 
wheel, and are open toward said exhaust side tur- 
bine wheel. 

12. An exhaust gas purification device according to 
claim 1 , wherein said cylinders include a third cylin- 
der, said first, second and third cylinders are 
arranged in line, and said second cylinder is located 
between said first and third cylinders. 



7. An exhaust gas purification device according to 
claim 6, wherein a ratio of said cross sectional size 
of said second exhaust branch passage to that of 
said first exhaust branch passage is between 1 :3 20 
and 1:1. 



8. An exhaust gas purification device according to 
claim 1, wherem a turbo-charger, which comprises 
an intake side turbine wheel positioned in said 25 
intake passage and an exhaust side turbine wheel 
positioned in said common exhaust passage adja- 
cent to a position where said second exhaust 
branch passage is connected to said common 
exhaust passage, is provided for compressing an 30 
intake air in said intake passage, and said first and 
second exhaust branch passages are connected to 
said common exhaust passage in such a manner 
that said first and second exhaust branch passages 
are arranged in parallel adjacent to said position 35 
where said second exhaust branch passage is con- 
nected to said common exhaust passage to allow 
the exhaust gas discharged from said first and sec- 
ond exhaust branch passages to flow along a sur- 
face of the rotation of said exhaust side turbine 40 
wheel. 



9. An exhaust gas purification device according to 
claim 8, wherein a cross sectional size of said sec- 
ond exhaust branch passage at which said second 45 
exhaust branch passage is connected to said com- 
mon exhaust passage is smaller than that of said 
first exhaust branch passage at which said first 
exhaust branch passage is connected to said com- 
mon exhaust passage. 5o 

10. An exhaust gas purification device according to 
claim 9, wherein a ratio of the cross sectional size 
of said second exhaust branch passage to that of 
said first exhaust branch passage is between 1 :3 55 
and 1:1 



11. An exhaust gas purification device according to 



9 



BNSDOCID: <EP _0e86044A1J 



EP 0 886 044 A1 




EP 0 886 044 A1 



Fig. 2 





11 

BNSDOCID: <EP 0886044A1 J. > 



EP 0 886 044 A1 



Fig. 4 



CONTROL OF FEEDING HC FOR 
PURIFYING EXHAUST GAS 







CALCULATION OF AMOUNT OF HC 
FOR PURIFYING EXHAUST GAS 







A = A3 ? 



No 



Yes 



ACTIVATION OF THIRD 
FUEL INJECTOR 



( END ^ 



12 



BNSOOCiD- <;EP _ _088604dA1 



EP 0 886 044 A1 



F i g . 5a 



I — ^ 



#1 



#1 



#3 



#2 



0' 



180° 



360' 



5^0 



720' 




BNSDOOD: <EP 0886044A1 _)._> 



13 



EPO 886 044 A1 



CD 
Ll_ 



CNJ 



CsJ 

LD 







o 










in: 






O 








o 






o o 


























o 








rD 


o 








o 






o 




az 










t-HO- 






^ X 




OQ 






























o 










CO _1 












o o 






























o >- 




























*=o 


DC 








:^ J 










X <c 


OPu. 












CNJ 



o 



m 
< 
II 

< 



o 






o 




o 


o 1^ KM c/:i 












E— Lt- tJU O 




O 


Z O HH 




»— 1 :=) 


w cr: ^ 






S ^ HD CO 




E- 






Q O 






1 cr: uj 


pa o cc 






s o X 




cj> nr: r:^ 


< uj 




-cC ^ (— 1 



BNSDOCID <EP 0886044A1 _l.^> 



14 




BNSOOCID: <EP_ 0886044A1 _l_> 



15 



EPO 886 044 A1 



Fig. 8 




BNSDOCID- -.bP 0886044A1 



16 



EP 0 886 044 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Apptication Number 

EP 98 11 1244 



DOCUMENTS CONSIDERED TO BE RELEVANT 


. C tation of document with indication, where aporopnate, 
^ ' 'jf relevant passages 


! Retevart 
' to cairn 


■ CLASSIFICATION OF THE 
j APPLICATION {Int. CI. 6) 


1 1 

D,A PATENT ABSTRACTS OF JAPAN 
! !vol. 018, no. 323 (M-1624). 20 June 1994 
& JP 06 074022 A (ISUZU MOTORS LTD), 


1-5 


i F01N3/20 
! F02B37/00 
F01N9/00 



I P,A 



^ A 



I A 



15 March 1994 
+ abstract + 

:EP 0 838 582 A (INST FRANCAIS DU PETROL) 
29 Apri 1 1998 

1+ column 4, line 40 - line 58; figures * 



DE 44 21 258 A (BAYERISCHE MOTOREN WERKE 
AG) 21 December 1995 

* column 2. line 56 - column 3, line 20; 
figure 1 * 

US 4 179 892 A (HEYDRICH HANS) 
25 December 1979 

* column 2. line 12 - column 4, line 13; 
figures * 

US 4 056 933 A (NOHIRA HIDETAKA ET AL) 
3 November 1977 



1-5 



1-5 



1,4-6, 

,9 



TECHNICAL FIELDS 


SEARCHED 


(lnt_Ct.6) 


FOIN 




; F02B 




F02D 




1 F02M 





i L 



^he present search report has t:een drawn up 'or ail claims 



P'ace ot 5eat:h 

THE HAGUE 



Zlaie ot : .r^pietion of "he searcn 

22 September 1998 



z tamper 



Sideris, M 



: A' EGG BY CF c:tec OOCUMENTS 

:;>3rttcLtarlv raio^ant n tak^n a'cno 
pdnicuiarly relevant it combined with arothe' 
:]o:^rrent of the sanne category 
•acnro'ogicai background 
^on-wrtt1en disclosure 
■n'9'"«d;ate document 



:heoi'y :r principle jnderlyirg tne invention 
E ^■a- ier ::atent dccjmert. bu puplisned on, or 

at*e' the M rg :;aT*? 
C document ;it(?d m the application 
L Jcc urgent ci-ed 'o" :\'^i&<- reasons 

S men^b'Sr of the same catef^t *amil/ corresponding 
-;ccument 



17 

BNSDOCIO: <EP 0886044A1 _l_> 



